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© PIPERIDINE DERIVATIVE. 

© A 3,4,5-trihydroxypiperidine derivative of general formula (I), having a 0-galactosidase inhibitory action and 
therefore usable as a carcinostatic agent, wherein R represents a Ci to C, 8 saturated or unsaturated 
hydrocarbon group which may be substituted with a linear, branched or cyclic group. 
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TECHNICAL FIELD 

The present invention relates to a piperidine derivative of the following general formula [IJ 

5 



c H 2 OH 



10 




C I J 



OH 

wherein R represents a straight-chain, branched or cyclic Ct-18 saturated or unsaturated hydrocarbon 
75 group which may optionally be substituted. 

BACKGROUND ART 

Bosmann et al. report that glucosidase activity and particularly 0 -galactosidase activity are elevated in 
20 the 3T3 fibroblast cells cancerized by RNA virus [H.B. Bosmann et al. ( Biochem. Biophys. Acta., 264, 339 
(1972)]. Therefore, any 0 -galactosidase inhibitor has a potential of application as an anticancer agent or a 
cancer metastasis inhibitor and much research has been done on the subject as described in Japanese 
Patent Application No. 74090/1982, do. No. 31238/1978, do. No. 123135/1985, the Journal of Antibiotics 28 
1 006 (1 975); do. 32 (3), 21 2 (1 979), do. 32 (3), 21 7 (1 979) and so on. 

25 

DISCLOSURE OF INVENTION 



It is not difficult to imagine that any 0 -galactosidase inhibitor exhibiting higher inhibitory activity is 
better than a less inhibitory one for use as an anticancer drug from the standpoint of dosage and adverse 
30 drug reaction, among other things. 

Therefore, the inventors of the present invention did much research with emphasis on the discovery of 
compounds exhibiting more potent inhibitory activity than the known compounds. The intensive investigation 
by the inventors led to the finding that a 3,4,5-trihydroxypiperidine derivative of the above general formula 
[I], inclusive of a pharmacologically acceptable salt thereof,, has high inhibitory activity and further to the 
35 development of the present invention. The compound of the present invention is a novel compound never 
described heretofore in the literature. 

The straight-chain, branched or cyclic saturated or unsaturated hydrocarbon group mentioned above 
includes, among others, methyl, ethyl, n-propyi, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, n-heptyl, n- 
dodecyl, vinyl, allyl, isopropenyl, butenyl, heptenyl, decenyl, ethynyl, propynyl, cyclopropylmethyl, 
40 cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, cyclopropenylmethyl, cyclobutenylmethyl, 
cyclopentenylmethyl, cyclohexenylmethyl, benzyl and so on. 

The substituent group includes not only such groups as methyl, ethyl, n-propyl, isopropyl, n-butyi, iso- 
butyl, sec-butyl, tert-butyl, heptyl, hydroxy, cyano, fluorine, chlorine, bromine, iodine, nitro, nitroso, formyl, 
acetyl, propionyl, hexanoyl, lauroyl, benzoyl, toluoyl, cynnamoyl, methoxy, ethoxy, propoxy, isopropoxy, 
45 butoxy, pentyloxy, phenoxy, benzyloxy, methylenedioxy, ethylenedioxy, carboxy, methoxycarbonyl, ethox- 
ycarbonyl, propoxycarbonyl, formyloxy, acetoxy, benzoyloxy, amino, methylamino, dimethylamino, 
ethylamino, diethylamino, ethylmethylamino, acetylamino, benzoylamino, methoxycarbonylamino, ethox- 
ycarbonylamino, propoxycarbonylamino, acetylmethylamino, sulfo, sulfamoyl, sulfoamino, carbamoyl, 
methylcarbamoyl, dimethylcarbamoyl, ethylcarbamoyl, diethylcarbamoyl, propylcarbamoyl, butylcarbamoyl, 
50 ureido, methylureido, dimethylureido, ethylureido, diethylureido, ethylmethylureido, phenylureido, thioureido, 
methylthioureido, dirnethylthioureido, ethylthioureido, diethylthioureido, ethylmethylthioureido, phenyl- 
thioureido, guanidino, etc. but also such groups as phenyl, phenoxy, tosyl, cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, pyrrolyl, thienyl, furyl, 
theonyl, pyridyl, piperidino. piperidyl, morphoiyl, quinolyl, indolyl, phthalimido, anilino, etc. which may be 
55 respectively substituted by one or more of the above-mentioned substituent groups. Furthermore, O-0 -D- 
glucopyranosyl, S-/3 -D-glucopyranosyl, etc. may also be mentioned as examples of the substituent. 

The pharmacologically acceptable salt includes, among others, the corresponding metal salts such as 
lithium salt, sodium salt, potassium salt, calcium salt, etc., salts with organic bases, such as ethanolamine 
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salt, diethanolamine salt, etc., salts with inorganic acids, such as hydrochloride, sulfate, phosphate, etc., and 
salts with organic acids such as acetate, methanesulfonate, succinate, lactate, fumarate. maleate and so on. 

The compound of the invention has a potential of application as an inhibitor of the enzymes involved in 
galactose processing in glycoprotein carbohydrate chains, and is expected to be of use as a research 
5 reagent for the study of glycoprotein carbohydrate chain processing or a drug having activities analogous to 
the antiviral activity [Fleet et ah, FEBS Lett. 237, 128 (1988)] and cancer cell metastasis inhibitory activity 
[G. Pulverer et al., J. Cancer. Res. Clin. Oncol., 144, 217 1988)] or immunomodulating activity of 
castanospermine, 1-deoxynojirimycin and other a -glucosidase inhibitors associated with sugar chain 
processing. 

to Furthermore, the compound of the invention can be utilized for increasing the shelf-lives of food 
products, such as sugar, potato, fruit juice, beer, chocolate, jams and candies, by adding an effective 
amount of one or more species of the compound to such products. 

The present invention is essentially directed to the very compound [I] described above. 
The following is a partial listing of specific compounds of the present invention: N-methyl-1-deoxygalac- 
is tostatin, N-ethy 1-1 -deoxygalactostatin, N-propy 1-1 -deoxygalactostatin, N-(2,3-dimethylbutyl)-1-deoxygalac- 
tostatin, N-(2,2,3-trimethylpentyl)-1-deoxygalactostatin, N-tert-butyl-1-deoxygalactostatin, N-n-pentyl-1-deox- 
ygalactostatin. N-isopentyl-deoxygalactostatin, N-sec-pentyM -deoxygalactostatin, N-(3-ethyl-2-isopropylpen- 
tyl)-1-deoxygalactostain, N-hexyl-1 -deoxygalactostatin, N-heptyM-deoxygalactostain, N-isohexyl-1 -deox- 
ygalactostatin, N-isoheptyl-1 -deoxygalactostatin, N-octyl-1 -deoxygalactostatin, N-isooctyl-1 -deoxygalac- 
20 tostatin, N-decyl-1-deoxygalactostain, N-dodecy 1-1 -deoxygalactostatin, N-tetradecyl-1 -deoxygalactostatin, N- 
hexadecyl-1 -deoxygalactostatin, N-octadecyi-1 -deoxygalactostatin, N-cyclopropylmethyl-1- 

deoxygalactostain, N-cyclopentylmethy!-1 -deoxoygalactostatin, N-cyciohexylmethyl-1 -deoxygalactostatin, N- 
(2-hydroxyethyl)-1 -deoxygalactostatin, N-(3-hydroxypropyl)-1 -deoxygalactostatin, N-(4-hydroxybutyl)-1 -deox- 
ygalactostatin, N-(5-hydroxypentyl)-1 -deoxygalactostatin, N-(2-hydroxy-3-methylbtuyl)-1 -deoxygalactostatin, 
25 N-(2,3-dihydroxypropyl)-1 -deoxygalactostatin, N-(2-methoxyethyl)-1 -deoxygalactostatin, N-(2-propoxyethyl)- 
1 -deoxygalactostatin, N-(2-acetoxyethyl)-1 -deoxygalactostatin, N-(4-benzoy loxy butyl)- 1 -deoxygalactostatin, 
N-(2-aminoethyl)-1 -dexoygalactostatin, N-(2-dimethylaminoethyl)-1 -deoxygalactostatin, N-(2-ac- 
etylaminoethyl)-1 -deoxygalactostatin, N-(2-benzoylaminoethyl)-1 -deoxygalactostatin, N-(2-propoxycar- 
bonylaminoethyl)-1 -deoxygalactostatin, N-(2-(N',N , -acetylmethyl)aminoethyl)-1 -deoxygalactostatin, N-(2-(N'- 
30 methylureido)-ethyl)-1 -deoxygalactostatin, N-(2-(N'-phenylureido)ethyl)-1 -deoxygalactostatin, N-(2-(N T - 
methylthioureido)ethyl)-1-deoxygalactostatin, N-(2-(N'-phenylureido)ethyl)-1 -deoxygalactostatin, N-(3- 
aminopropyl)-1 -deoxygalactostatin, N-(3-acetylaminopropyl)-1 -deoxygalactostatin, N-(3-ben- 

zoylaminopropyl)-1 -deoxygalactostatin, N-(3-(N'-methylureido)propyl)-1 -deoxygalactostatin, N-cynnamyl-1- 
deoxygalactostatin, 2-phenoxyethy 1-1 -deoxygalactostatin, N-(p-ethoxycarbonylphenoxy)ethyl)-1 -deoxygalac- 
35 tostatin, N-(2-benzyloxyethyl)-1 -deoxygalactostatin, N-(3-phenoxycarbonylpropyl)-1 -deoxygalactostatin, N-(4- 
aminobutyl)-1 -deoxygalactostatin, N-allyl-1 -deoxygalactostatin, N-(2-butenyl)-1 -deoxygalactostatin, ' N-(3- 
butenyl)-1 -deoxygalactostatin, N-(5-hexenyl)-1-deoxygalactostatin, N-(9-decenyl)-1-deoxygalactostatin, N- 
carboxymethyl-1 -deoxygalactostatin, N-(2-carboxyethyl)-1 -deoxygalactostatin, N-ethoxycarbonylethyl-1 - 
deoxygalactostatin, N-carbamoylmethyl-1 -deoxygalactostatin, N-(N'-ethylcarbamoylmethyl)-1-deoxyga!a- 
40 ctostatin, ^(N'-butylcarbamoylmethylJ-l -deoxygalactostatin, N-(3-sulfopropyl)-1 -deoxygalactostatin, N-(3- 
su!famoylpropyl)-1 -deoxygalactostatin, N- (o-carboxy benzy I)- 1 -deoxygalactostatin, N-(o-nitrobenzyl)-1 -deox- 
ygalactostatin, N-(5-bromo-2-hydroxybenzyl)-1 -deoxygalactostatin, N-benzoylmethyl-1 -deoxygalactostatin, 
N-(4-hydroxy-3-methoxybenzyl)-1 -deoxygalactostatin, N-(2-propynyl)-1-deoxygalactostatin, N-(p-hydrox- 
ybenzyl)-1 -deoxygalactostatin, N-(4-hydroxy-3-methoxy-5-nitrobenzy!)-1 -deoxygalactostatin, N-(4-nitro-2-sul- 
45 fobenzyl)-1 -deoxygalactostatin, N-(2-hydroxy-4,6-dimethoxybenzyl)-1 -deoxygalactostatin, N-(2-methyl- 
thiobenzyl)-1 -deoxygalactostatin, disodium N-(2,4-disulfonatobenzy!)-1 -deoxygalactostatin, N-(2-chloro-5- 
nitrobenzyl)-1 -deoxygalactostatin, N-(2-chloro-6-nitrobenzyl)-1 -deoxygalactostain, N-(4-chloro-3-nitrobenzyl)- 
1 -deoxygalactostatin, N-(5-chloro-2-nitrobenzyl)-1 -deoxygalactostatin, N-(o-bromobenzyl)-1 -deoxygalac- 
tostatin, N-(p-bromobenzyl)-l-deoxygaIactostatin, N-(o-chlorobenzyl)-1-deoxyga!actostatin, N-(m-chloroben- 
50 zyl)-1 -deoxygalactostatin, N-(p-chlorobenzy I)- 1 -deoxygalactostatin, N-(o-fluorobenzyl)-1-deoxygalactostatin, 
N-(m-fluorobenzyl)-1 -deoxygalactostatin, N-(p-fluorobenzyl)-1 -deoxygalactostatin, N-(o-nitrobenzyI)-1 -deox- 
ygalactostatin, N-(4-hydroxy-3-nitrobenzy l)-1 -deoxygalactostatin, N-(5-hydroxy-2-nitrobenzy l)-1 -deoxygalac- 
tostatin, N-(m-hydroxybenzyl)-1-deoxygalactostatin, N-(p-hydroxybenzyl)-1 -deoxygalactostatin, N-(o-hydrox- 
ybenzyl)-1 -deoxygalactostatin, N-(2,5-dihydroxybenzyl)-1 -deoxygalactostatin, N-(3,4-dihydroxybenzy l)-1 - 
55 deoxygalactostatin, N-(p-carboxybenzyl)-l -deoxygalactostatin, N-(3,4-methylenedioxybenzyl)-1 -deoxygalac- 
tostatin. N-(3-carboxy-4-hydroxybenzyl)-l-deoxy-galactostatin, N-(o-methylbenzyl)-1 -deoxygalactostatin, N- 
(p-methylbenzyl)-l-deoxygalactostatin, N-(o-methoxy-benzy I)- 1 -deoxygalactostatin, N-(m-methoxybenzyl)-1- 
deoxygalactostatin, N-(4-hydroxy-3-methoxy benzy l)-1 -deoxygalactostatin, N-(3-hydroxy-4-methoxybenzyl)-1- 
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45 



50 



*me», 01 <yb e n^o-1^ Ba S°M„ ^^^^'y^-'^^Mr. N . K . mMyl . 

s Wn,«ox,to„ Z y, H KleoCtaao?l N W i ™'' 3A5 *'"f ,,,ox >' b ^» l )-'-<i«>Wla(;(o S tatin. N-(2,4 J. 
l^xygaWosM, ^ MwZ^^^^^' 9 '^'^ W»l»klop op, ). 

nWS •°*o.p,Z^ 

99 5%, p, e(e , aWy o 5 to 90%TS ™~ - ! Ptamaesxpical compesilion conlammg 0.1 lo 
«^m. ■ "* C ° mp <""'° " a ^"""oodtlopll, aoepptaMp. nontoxic and inert 

tonms. n. phaamaopuppa, oompo s l,to„TZ "„,to h. ^ " . . V adminis,sr «' * «* *aage 
<taanadpn™ily etc.) oe reel* aZZ^^LZT T e, adm,, "* ,,M °»"V. '""> «se»«e. topical), 

daagcoa. oapao,, g,™,., ^^"i-^C^S"^ ■7** 

». aimilartp^inpied'blSfnd^nLlfat a^no.™ ' °* S '""' ""** te be » 

oan also bp Incorporated C °"' 9M ' P™"™"™. *«W colorant, pprtpmp, ,, c . 

g»pr: te ^j;rsr h pSnZtir rzr w fr ,n - toe - 

in flexible oelatin 

slags, and after ad^^T^ZZ^rT^r^ COmpOSition - P rocessi "° « •* granu.es or 
composition can be prepal b ^T'T'^ ** n * Cto * A P ° Wd< ^ 
. addition of a binder (e.g carDoxLThvloe SnS Z ^ Sa,d dMuent 3nd base ' with ° r with °"' 
VPropylmethylce^ 

paraffin, wax. hydrogenated casto TZ T? ? k V V C ° h °'' 8tC ) ' 3 dissolution re,ardan * ^.g. 
adsorbent (e.g. bU^L^ 3 « U3,e "^ salt) and/or an 

The thus-iubricated common' J^^S^lX^ "* mteradheSi ° n " '"^ fln ""*»- 

a freeing diS ^ Tf^ 9 *«* *» *«* ™* be admi - d with 

transfucent prctecfiv * a ng tSTrSS^r 11 * *° P ° SS, ' b,e '° U * i,iZe 3 tr3ns P 3rent or 
or a polished wax coating hermet-cally sealmg shellac film, a sugar or polymeric coating 
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c J?T * °? 96 f ° rmS SUCh 35 SOlUti0nS ' syrups and elixirs ca " *' s ° "e provided in unit dosaqe forms 
so that the drug may be deiivered in constant quantities. Syrups can be manufactured by dSnSe 

alcnhT 1-7 T 0Priate ,,aVOred aqUe ° US medium ' Whi,e elixirs can ba manufactured using^nTntoSc 
alcohol, c vehicle. Suspenses can be formulated by dispersing the compound in a nontoxic vehicT 
s Soluble* and emulsifiers (e.g. ethoxylated isostearyl alcohoi, polyoxyethylene sorbZ Se efcT 
preservatrves, fiavoran.s (e.g. peppermint oil. saccharin, etc., and other agents'can a.so * «SJ where 

If necessary, such a unit dosage form for oral administration can be microencapsulated The dosaoe 
w SLT ° f 6mbedded " " POlymer> ^ " thS Kke f ° r pr0,onped action o! suSd 

fl H m S^ mini$trat L° n int ° tiSSUeS " ' iquid Unit d0Sa9e ,orms for subcutaneous, intramuscular or intravenous 
adm.n.strat.on. such as solutions and suspensions, can be utilized. Thus, these preoarat tons can h P 
manufactured by suspending or dissolving a predetermined amount of the active SpKli 
nontoxic liquid veh.cle. such as an aqueous or oily medium, and sterilizing the resuTno LsnlS ! 

' 5 cotn 0 :-^, 3 ?^ 6 Pr ° CedUre C ° mpriSeS fi,lin9 Via,s with a P^^^^TSZ^ 
compound, stenhang the filled vials and sealing them. For extemporaneous reconstitution or btondino there 
may be provided a spare via. and vehicle accompanying a powdered or lyophilized preparer of Zact^ 
ingred.ent. For isoton.zation. a nontoxic salt or a solution of the salt may be added to an nLtS 
compos-Bon Moreover, stabilizers, preservatives, emulsifiers and the like mayLo be employed 
«,„ ,T, administration - suppositories can be provided by formulating the active compound with a 

wZ^llT^TVT as po,ye,hyl8ne 9lycoi; cacao butter ^^X^Zl 

Witepsol(trademark)). a higher ester (e.g. myristyl palmitate). or a mixture thereof. 
(Example of Synthesis) 

The compound of the present invention can be synthesized by the method for reductive substitution of 
the hydrogen attached to the nitrogen of 1-deoxygalactostatin [II] in the per se known manner fo^amote 
by means of a carbonyl compound and a hydrogen donating reducing agent. fTSJ^TSS 
n ro r n n ; nn" 9 h 9 3ny ° f SaW V3ri ° US Substituen,s " ° r the ™'"° d comprW^SlrjS 

iia^sxi2r compound in ths per se known — ■ t ° - 

Reductive substitution 

.rhJm! f C ° mp0Und °' the present invention «* °e obtained in accordance with the following reaction 
schema, for example by reacting compound [II] with a ketone or an aldehyde and a suitable reSnq Lent 
such as analkal. metal cyanoborohydride. a dialkylaminoborane or an alkali metal bThydrS TslSw 

an r m CV T 7 hy f ^ (NaBH3CN) ' S ° dium borohydrideArifluoroacetic acid, or Raney S2^S2h 
an appropriate solvent, e.g. water-alcohol, at 0 to 100 • C . wwwnyarogen in 

? H2 ° H CHjOH 



HO/hr- NH R'-CHO hoJ N-CH 2 R 



I 



45 



OH 



50 



55 



NaBH 3 CN 

OH CH S OH/H 2 0 Ah 
CD pH4-7 

(Wh T^e LeLl? w? K ydr T ° f hydr ° Xyl ° r h3S the Same meanin 9 as R defined hereinabove) 
The Leuekart-Wallach reaction can also be employed. 

Direct substitution 

tn «L he ' VntheSiS ° f ,he com P°""d of the present invention by direct substitution of the hydrogen attached 
to the nitrogen with a substituent group can be carried out in accordance with the foZnq reaction 
schema, tor example reacting compound (,.] with an alkylating agent (2-R) and an ^ZZ^ 
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MDMSatOIMOO'? ™ aPPr0priate S °' Vent ' SUCh 3S N'N-dimethylformamide (hereinafter referred to 



CHiOH CHsOH 



DMF 



10 



CD 



OH 0 H 



75 



20 



25 



(wherein R is as defined hereinbefore; Z represents a group which is ready to leave and conventional for an 
alkylating agent, for example a halogen atom such as chlorine, bromine or iodine). 

Reduction of the acyl compoun d 

The synthesis of the compound of the present invention by reduction of the acyl compound is carried 

T, !? fl 00 ^ 3 !!? 8 With the f °" 0Win9 re3Ction schema ' ,or exam P |e bv ar y |atin 9 compound [II] with an acyl 
hahde (R2-C0-X) or the corresponding anhydride (R*-CO-0-CO-R*) in an appropriate solvent, such as water 

TTfT^Z DMF ' and the " redudn9 * With an a PP r °P ria *e reducing agent such as lithium aluminum 
hydride (UAIH4). 



CHjOH R J -CO-X CH 2 OH 

H 0 ) N V H Inhydride H 0 J— NCOR" 

OH \ > /OH \ _ 



30 



— r h 2 o r Li aih< 

U) 0H PH9-12 OH 



35 



H 0 



C H 2 0 H 

.N CH2R 2 




55 



0 H 

(wherein R2 has the same meaning as R defined hereinbefore; X represents halogen, such as chlorine 
bromine or iodine) 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following examples, reference examples and experimental example are intended to describe the 
invention in further detail and should by no means be construed as defining the metes and bounds of the 

invention. . . •_ . ' 

Reference Example 1 Synthesis of N-benzyloxycarbonylmoranoline 

In a mixture of 160 ml of water and 160 ml of chloroform were dissolved 16.3 g (0.1 mol) of moranoline 
and 8.4 g (0.1 mol) of sodium hydrogen carbonate followed by addition of 20 47 g (012 mol) of 
benzyloxycarbonyl chloride with ice-cooling and the mixture was vigorously stirred. After 8 hours 0 84 g 
^ 1 . m0l) u° f S ° diUm hydrogen carbor >ate and 5.12 g (0.03 mol) of benzyloxycarbonyl chloride were further 
added w.th ice-cooling and reacted for 6 hours. The aqueous layer was adjusted to pH 5-6 and extracted 3 
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55 



times with one volume each of chloroform. The aqueous layer was then dried. To the resulting solid was 
added ethyl acetate-ethanol (1:1) and the insoluble matter was filtered off. The filtrate was dried to give 30 a 
(quantitative) of the title compound as oil. y 9 

Reference Example 2 Synthesis of N-benzyloxycarbonyl-4,6-0-benzylidenemoranoline 

To 290 ml of DMF were added 29 g (97 mmols) of the compound of Reference Example 1 3 34 q (19 
mmols) of anhydrous toluenesulfonic acid. 29.4 g (194 mmols) of benzaldehyde dimethyl aceta. and 29 g of 

£21? T - , miXtUre W3S Stirred at 30 ' C for 24 hours " ^ e action mixture was 

neutra zed wj a strongly bas.c ,on exchange resin (Diaion SA-11A, OH--form) and the insoluble matter 
was filtered off. The filtrate was dried and crystallized from ethyl acetate - hexane to give 29 g (yield 72%) 
of the title compound as an amorphous substance. 
Melting point: 134-1 38 *C . 

Reference Example 3 Synthesis of N-benzyloxycarbonyl-2,3-di-Q-benzyl-4,6-0-benzylidenemoranoline 

fflT^mm'S ^mo,™*™! !f? d 27 9 (7 ° mm ° ,S) ° f the COmpound of Reference B^Pte 2 and 21g 
(875 mmols) of 60% sod.um hydride and the mixture was stirred for 30 minutes. Then, 170 g (995 mmols) 

of benzyl brom.de was added dropwise with ice-cooling and the mixture was allowed to stand for 2 days 

Thereafter methanol was added and the mixture was dried. The resulting oil was dissolved in chlorofonn 

and extracted with water a ew times and the chloroform layer was dried. The oily substance thus obtained 

was subjected to s.l.ca-gel column chromatography (Wakogel C-200) and elution was carried out with 

hexane-ethyl acetate (9:1) to give 37.5 g (yield 94%) of the title compound as oil. 

Reference Example 4 Synthesis of N-benzyloxycarbonyl-2,3-di-Q-benzylmoranoline 

In a mixture of 320 ml of acetic acid and 80 ml of water was dissolved 36.5 g (64 mmols) of the 
compound of Reference Example 3 and the mixture was stirred at 60 'C for 6 hours Thereafter the 
reaction mixture was dried to give 36.3 g of an oil containing the title compound. 

Reference Example 5 Synthesis of N,6-0-carbamoyl-2,3-di-0-benzylmoranoline 

In a mixture of 360 ml of methanol and 40 ml of water were dissolved 36.3 g of the above oil 

«^7™°rTT!! d 01 Exampl8 4 and 40 9 0f P0tassium carbonate and ^ mixture was 

st. red at 60 C for 4 hours. After completion of stirring, the reaction mixture was dried and the resulting 
sohd was d.ssolved ,n chloroform and extracted with a few portions of water. The chloroform layer was dried 
and the residue was crystallized from ethyl acetate - hexane to give 19 g of an amorphous substance 
Melting point 110-110* C . 

Reference Example 6 Synthesis of N,6-0-carbamoyl-2,3-di-Q-benzyl-4-0-mesylmoranoline 

In 200 ml of acetone were dissolved 19 g (51 mmols) of the compound of Reference Example 5 and 
15.6 g 154 mmols) of tnethylamine followed by dropwise addition of 9.8 g (85 mmol) of mesyl chloride with 

'^TT^VT?!*™ W3S Stirr6d f ° r 30 minuteS - After com P'e«°n of stirring, the reaction mixture was 
dried and distnbuted between 0.1 N hydrochloric acid and ethyl acetate. The ethyl acetate layer was dried 

IT^ , T SOlUti0 " WaS diSt "' buted between 01 N sodium -^rogeri carbonate and chloroform and 

Tvs 226 aZ M y 0flo7r f t ;7 he reSidU6 ^ CryS,a,liZed fr ° m S,hyl aCeta,e " Chl0r0,0rm and he * a "3 '° 
give 22.6 g (yield 98%) of the title compound. 

Melting point 197-199 'C . 

Reference Example 7 Synthesis of N,6-0-carbamoyl-2,3-di-0-benzyl-4-0-benzoyl-l-deoxygalactostatin 

In 30 ml of DMF were dissolved 22.1 g (49 mmols) of the compound of Reference Example 6 and 7.54 
g i (58 mmols) of lith.um benzoate and the mixture was stirred at 100" C for 2 days. After completion of 

22 ™ miXtU ? dfied and diStributed between 0 2N sodium h V dro 9 en donate and ethyl 

wS?L2 ?h h T at6 J ayer W3S dn ' ed 10 9ive 24 5 9 ^ uantita « v e) of the title compound as oil. This oil 
was treated with diethyl ether to give an amorphous substance. Melting point 135-137 -C . 



25 



30 
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70 



IS 



20 



25 



30 



Reference Example 8 Synthesis of N,6-0-carb a moyl-2,3-di -0 .ben 2 yl-1-d e oxygalactostatin 

tim •I n ^ miXt r ? f D 45 «° m ' ° f methylene chloride and 100 m ' of methanol was dissolved 24 g (50 mmols) of 
the compound of Reference Example 7 followed by addition of 5 ml of 10N sodium hydroxide Tnd he 

rsSLEFh 1 ! 50 m c for 3 hours - After completion of •**» the reaction m«xJwi^S2 

w.th concentrated hydrochlonc acid, dried and distributed between chloroform and water. The chlorofonm 
layer was dried to give 20.9 g of an oil containing the title compound. cnioroform 

Reference Example 9 Synthesis of 2,3-di-O-benzyl-l-deoxygalactostatin 

In a mixture of 320 ml of methanol and 80 ml of water were dissolved 20 g of the above oil containing 
the compound of Reference Example 8 and barium hydroxide octahydrate and the mixture wa^S 
with sbrnng for 4 hours. After completion of stirring, dry ice was added to the reaction mixture and 7b 
triS W ^ CentnfU ^ t at * 5 °° I*"- resuming precipitate was washed with methaTand ecen 
tnfuged. The supernatants were combined, dried and distributed between 0.1N hydrochloric acid and 
chloroform. The hydrochloric acid layer was made weakly basic with sodium carLate and me titte 
compound was extracted with ethyl acetate. The ethyl acetate layer was dried and crystallLd torn ethyl 
acetate - hexane to give 1 1 .82 g of plates. y 
Melting point 126-128' C 

Reference Example 10 Synthesis of 1-deoxygalactostatin hydrochloride 

aHJ^^" 10 ? 3 T diSS ° ,Ved 10 9 0< th9 C ° mpound obtained in Re,erence ^ple 9 followed by 
addition of 2^8 g of sodium metal, and the mixture was stirred in acetone-dry ice for 30 minutes Then 

r^£?2? Z SfrJ* ? b ' Ue COl ° r ° f ^ reaCfon miXtUre h3d disa PP-edTe 7mm a 

roowex 5oS £ J' fU Z T aPP ' ied t0 3 C ° IUmn ° f S,r ° n9ly acidic ion e * chan 9 e ™" 

(Dowex 50WX-2 H -form), and after the column was washed with water, elution was carried out with 1N 

ZmsTZ^? e : Uat9 Hr T and 3PP,ied f ° 3 C0,Umn of Stro ^ basic 'on exchange re in 
(D.a.on SA-11A, OH -form) and the effluent obtained with water was dried. The residual oily substance was 
dissolved - n ethane, and the solution was made weakly acidic to provide 5.26 g (yield 90%) oTtS 
compound as crystals. Melting point 237-239' C . 
[or ] D 54.96 (20' C , C = 0.997, H 2 0) 



35 


Elemental Analysis for C 6 HuCINCU 




Calcd. (%): 


C:36.10 


H:7.07 


N:7.02 




Found (%): 


C:35.97 


H:7.09 


N:7.04 



40 



45 



50 



Sample 1 Synthesis of N-methyl-1-deoxygalactostatin 

In a mixture of 12.5 ml of methanol and 2.5 ml of water were dissolved 0.5 g (2.5 mmols) of 1- 
deoxygalactostatin hydrochloride. 0.64 g (7.5 mmols) of 35% formalin and 0.16 g (2 5 Lois) o sod urn 

ter e a 0 tT y f ^ the h miX,Ufe W3S ad,USted t0 PH4 " 5 with 9 ,acial acetic acid a " d stir ed a^m 

liT^^J^JTT'-J^^ W3S aPP ' ied t0 3 C °' Umn ° f Stron9,y acidic i0 " excha "9 e 
™ n J Z * * ' , 1 "* *** the 6XChan9e resin was wasned wi,h m ^anol. elution was 
earned out w,th methanol-concentrated aqueous ammonia= 10:1. The eluate was concentrated to dryness !n 

2L£ * 2<£ TT S eff ' Uent W3S concentrate d to dryness. The residue was recrystallized from 
ethanol to give 0.34 g of the compound of the present invention. Melting point 164-166'C 
la ] D -3.27 (20 ' C , C = 1 .037, H 2 O) 



55 



Elemental analysis for C 7 H 15 N04 


Calcd. (%): 
Found (%): 


C:47.45 
C:47.44 


H:8.53 
H:8.51 


N:7.90 
N:7.94 
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Example 2 Synthesis of N-ethyl-1-deoxygalactosta tin 

Using acetaldehyde in lieu of formalin, the synthetic procedure of Example 1 was otherwise 
Melting point 159-161 *C . 
5 [a ] D -21 .31 (20 ' C , C = 1 .032, H 2 0) 





Elemental analysis for CsH^NO* 




Calcd. (%): 


C:50.25 


H:8.96 


N:7.32 


10 


Found (%): 


C:49.96 


H:8.85 


N:7.31 



Example 3 Synthesis of N-n-propyl-1-deoxygalac tostatin 

Using propionaidehyde in lieu of formalin, the synthetic procedure of Example 1 was otherwise 
repeated. Melting point 1 20-122 B C . 
[a ] D -27.00 (20- C , C = 0.985, H 2 0) 



20 


Elemental analysis for Cs Hi 9 NO* 




Calcd. (%): 


C:52.67 


H:9.33 


N:6.82 




Found (%): 


C:52.52 


H:9.21 


N:6.87 



25 

Example 4 Synthesis of N-isobutyl-1-deoxygalactostatin 



Using isobutanal in lieu of formalin, the synthetic procedure of Example 1 was otherwise repeated. The 
product compound was crystallized as the hydrochloride. 
30 Melting point 1 42-1 45 • C . 

[ah 1.93 (20*C , C = 0.516, H 2 0) 





Elemental analysis for Ct 0 H 2 1 N0 4 • HCI 


35 


Calcd. (%): 


C:46.97 


H:8.67 


N:5.48 




Found (%): 


C:46.81 


H:8.67 


N:6.46 



40 



Example 5 Synthesis of N-n-heptyl-1-deoxygalacto-statin 



Using heptanal in lieu of formalin, the synthetic procedure of Example 1 was otherwise repeated 
Melting point 125-127- C . H 
[a h -25.92 (20 "C , C = 1.003, MeOH) 



45 



50 



Elemental analysis for Ci 3 H 27 N04 


Calcd. (%): 
Found (%): 


C:59.74 
C:59.25 


H:10.41 
H:10.41 


N:5.36 
N:5.37 



Example 6 Synthesis of N-n-dodecyl-1-deoxygalact ostatin 

Using dodecanal in lieu of formalin, the synthetic procedure of Example 1 was otherwise repeated 
55 Melting point 1 24-1 28 * C . 

[a ] D -14.41 (20* C , C = 0.999, DMSO) 
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Elemental analysis for Ci 8 H 37 N04 


Calcd. (%): 
Found (%): 


C:65.22 
C:64.79 


H:11.25 
H:10.91 ■ 


N:4.23 
N:4.22 



Example 7 Synthesis of N-(3-phenylpropyl)-l-deoxygalacto statin 

Using 3-phenylpropanal in lieu c 
repeated. Melting point 100-104 *C . 
la ] D -25.94 (20- C , C = 0.501, MeOH) 



w Using 3-phenylpropanal in lieu of formalin, the synthetic procedure of Example 1 was otherwise 
repeated. Melting point 100-104 *C 



Elemental analysis for Ci 5 H 23 N04 


Calcd. (%): 
Found (%): 


C:64.04 
C:64.01 


H:8.24 
H:8.35 


N:4.98 
N:5.02 



20 Example B Synthesis of N-p-chlorobenzyl-1-deoxygalactostat in 

« U f ? p - c j h u lorobe " zaldeh y de in »eu of formalin, the synthetic procedure of Example 1 was otherwise 
repeated and the product was crystallized as the hydrochloride. Melting point 101-104* C 
[o] D 12.59 (20* C,C = 1.000, H 2 0) 



25 





Elemental analysis for C15H23NO4 •HCI*1/2H 2 0 




Calcd. (%): 


C:46.86 


H:6.05 


N:4.20 


30 


Found (%): 


C:46.75 


H:6.22 


N:4.13 



Example 9 Synthesis of N-allyl-1-deoxygalactostatin 



35 



40 



In 5 ml of DMF were suspended 0.3 g (1.5 mmols) of 1-deoxygalactostatin hydrochloride and 0.21 g 
(17 mmols) of anhydrous potassium carbonate followed by addition of 0.2 g(1.65 mmols) of allyl bromide 
with .ce-cooling and the mixture was stirred at room temperature for 12 hours. After completion of stirring 
t e salt was filtered off and the filtrate was subjected to resin treatment as in Example 1 to give 0.19 i 
the title compound of the invention. Melting point 144-146 * C 
la } D -1 4.69 (20 • C , C = 1 .007, H 2 O) 





Elemental analysis for C9H t7 NC>4 




Calcd. (%): 


C:53.19 


H:8.43 


N:6.89 


45 


Found (%): 


C:53.00 


H:8.49 


N:6.79 



Example 10 Synthesis of N-cinnamy I- 1-deoxygalactostat in 

so Using ^cinnamyl bromide in lieu of allyl bromide, the synthetic procedure of Example 9 was otherwise 
repeated. Melting point 66-69 * C . 
[or ] D -40.63 (20 'C , C = 0.507, MeOH) 



55 


Elemental analysis for C15H21NO4M/2H2O 




Calcd. (%): 


C:62.48 


H.7.69 


N:4.86 




Found (%): 


C:62.56 


H:7.68 


N:4.89 
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lamp's 11 Synthesis of N-methoxyethyl-1-deoxygalactostatin 



^ Using acetaldehyde, the synthetic procedure of Example 1 was otherwise repeated. Melting 

5 [a ] 0 -14.42 (20'C , C = 1.040, H 2 0) 
FAB-MAS m/z 222 (M* +1) 





Elemental analysis for CaH^NOs 


10 


Calcd. (%) : 


C:48.86 


H:8.66 


N:6.33 




Found (%): 


C:48.43 


H:8.83 


N:6.37 



is Example 12 Synthesis of N-(p- P henylbenzyl)-l-deoxygalactostatin 

poinM^1 P 7 h 8-c yl ben2aldehyde ' fhe Syn,hetic P™ ed "e °' Sample 1 was otherwise repeated. Melting 



20 



la h -24.03 (20 s C , C = 0.491, DMSO) 
FAB-MAS m/z330 (M* +1) 



Elemental analysis for Ci 3 H 2 3N(V 1/4H 2 0 





Calcd. (%): 


C:68.35 


H:7.09 


N:4.19 


25 


Found (%): 


C:68.71 


H:7.35 


N:4.20 



30 



Example 13 Synthesis of N-n-pentylnyl-1-deoxygalactostatin 

MeCpoinMll^ ° f f ° rmalin ' ^ SVnthetiC Pr0CedUre ° f *™» 1 was repeated, 

[a ] D -26.30 (20 'C , C = 0.517, H 2 0) 
FAB-MAS m/z 234 (M* +1) 



35 



40 



45 



Elemental analysis for Ci , H23IMO4 


Calcd. (%): 
Found (%): 


C:56.63 
C:56.35 


H:9.94 
H.9.63 


N:6.00 
N:6.06 



Example 14 Synthesis of N-p-methoxybenzyl-1-deoxygalactostatin 

JJjEES^ * ' ieU ° f f ° rmalin ' ^ Syn,h6,iC Pr ° Cedure ° f Exam P ,e 1 ™ seated. 
[a ] D -26.62 (20 'C , C = 0.586, H 2 0) 
FAB-MAS m/z 284 (M* +1) 



Elemental analysis for C u H 2 i N0 4 


Calcd. (%): 
Found (%): 


C:59.35 
C:59.05 


H:7.47 
H:7.43 


N:4.94 
N:4.91 



ss Example 15 Synthesis of N-p-methylthiobenzvl-l-deoxygalactostatin 

Using p-methylthiobenzaldehyde in lieu of formalin, the synthetic procedure of Example 1 was 
otherwise repeated. Melting point 120-1 23* C. example 1 was 



11 



EP 0 536 402 A1 



FAB-MAS m/z 300 (M* + 1) 



Elemental analysis for ChH 2) N0*S* 1/2H 2 0 


Calcd. {%): 
Found (%): 


C:54.52 
C:54.38 


H:7.20 
H:6.91 


N:4.54 
N:4.72 



10 



Example 16 Synthesis of N-phenylethyl-1-deoxygalactostatin 



15 



20 



Using phenylacetaldehyde in lieu of formalin, the synthetic procedure of Example 1 was otherwise 
repeated. Melting point 188-190* C . 
FAB-MAS m/z 268 (M * +1) 



Elemental analysis for ChH 2) NO* 


Calcd. (%): 
Found (%): 


C:62.90 
C:62.57 


H:7.93 
H:8.01 


N:5.24 
N:5.32 



Example 17 Synthesis of N-cr-deoxygalactitoylj-l-deoxygalactostat in 

Using D-galactose in lieu of formalin, the synthetic procedure of Example 1 was otherwise repeated 
25 Melting point 79-82' C . 

[a ] D -17.60 (20* C , C = 0.284, H 2 0) 
FAB-MAS m/z 328 (M + +1) 



30 


Elemental analysis for Ci 2 H 2 s NOg * 2H 2 O j 




Calcd. (%): 


C:39.67 


H:8.04 


N:3.85 




Found (%): 


C:39.70 


H:8.32 


N:4.15 



Example 18 Synthesis of N-(p-acetamidobenzyl)-1-deoxygalactostat in 

Using p-acetaminobenzaldehide in lieu of formalin, the synthetic procedure of Example 1 was otherwise 
repeated. Melting point 95-96° C . 
[a ] D -20.73 (20* C , C = 0.492, H 2 0) 
FAB-MAS m/z 311 (M* +1) 





Elemental analysis for Ci 5 H 22 N 2 0 5 # 3/4H 2 0 


45 


Calcd. (%): 


C:55.63 


H:7.31 


N:8.65 


Found (%): 


C:55.89 


H:7.55 


N:8.64 



50 



55 



Example 19 Synthesis of N-phenylpropyl-1-deoxygalactostatin 

Using phenylpropanal in lieu of formalin, the synthetic procedure of Example 1 was otherwise repeated 
Melting point 1 00-1 04 * C . 
la ] D -25.94 (20 • C , C = 0.501 , MeOH) 
FAB- MAS m/z 282 (M* +1) 
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Elemental analysis for C15H23NO4 


Calcd. (%): 
Found (%): 


C.64.04 
C:64.01 


H:8.24 
H:8.35 


N:4.98 
N:5.02 



Example 20 Synthesis of N-cyclohexylmethy 1-1 -deoxygalactostat in 

w Using cyclohexanecarboxaldehyde in lieu of formalin, the synthetic procedure of Example 1 was 
otherwise repeated. Melting point 72-73 • C . 
[a h -39.72 (20* C , C = 0.715, H 2 0) 
FAB-MAS m/z 260 (M* +1) 



75 


Elemental analysis for Ci 3 H 2 sN(V 1/4H 2 0 




Calcd. (%): 


C:59.18 


H:9.74 


N:5.31 




Found (%): 


C;58.89 


H:9.77 


N:5.29 



20 



Example 21 Synthesis of N-(3 t -methylthiopropyl)-l-deoxygalactostatir 



Using methylthiopropionaldehyde in lieu of formalin, the synthetic procedure of Example 1 was 
otherwise repeated. Melting point 121 -124" C. 
25 [a ] D -16.00 (20 • C , C = 0.550, H 2 O) 
FAB-MAS m/z252 (M + +1) 



30 



Elemental analysis for Ci 0 H 2 i NCUS' 1/2H 2 0 


Calcd. (%): 
Found (%): 


C:46.13 
C:46.11 


H:8.51 
H:8.21 


N:5.38 
N:5.30 



35 



40 



Example 22 Synthesis of N-(3'-methyl-4'-methoxy benzy l)-1 -deoxygalactostatin 

Using 3-methyl-4-methoxybenzaldehyde in iieu of formalin, the synthetic procedure of Example 1 was 
otherwise repeated. Melting point 185-187° C . 
FAB-MAS m/z 298 (M* +1) 



45 



Elemental analysis for dsKbsNOs 


Calcd. (%): 
Found (%): 


C:60.59 
C:60.48 


H:7.80 
H:7.82 


N:4.71 
N:4.66 



Example 23 Synthesis of N-n-butyl-1 -deoxygalactostatin 



Using n-butyl bromide in lieu of allyl bromide, the synthetic procedure of Example 9 was otherwise 
50 repeated. Melting point 121-123° C . 
la ] D -23.90 (20° C , C = 0.502, H 2 0) 
FAB-MAS m/z 220 (M + +1) 



55 


Elemental analysis for C10 


H 21 N0 4 






Calcd. (%): 


C:54.77 


H:9.65 


N:6.39 




Found (%): 


C:54.33 


H:9.56 


N:6.36 
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Example 24 Synthesis of N-(3-carboxypropy|)-i-deoxygaiactostatin 

Using ethyl 3-bromopropionate in lieu of allyl bromide, the synthetic procedure of Example 9 was 
otherwise repeated. Melting point 105-107'C 
5 la ] D 8.10 (20* C , C = 0.148, H 2 0) 
FAB-MAS m/z 250 (M* +1) 





Elemental analysis for Ci 0 Hi 9 NO e • H 2 0 


70 


Calcd. (%) : 


C:44.94 


H:7.92 


N:5.24 




Found (%): 


C:44.58 


H:7.97 


N:5.24 



15 Experimental Example 

j8 -gaiactosidase inhibitor y activity 

nJi! Tfr? *?* aCtiVitV W3S Carrfed 0Ut by permittin 9 » -9a'actosidase to act on the substrate O- 
2o nrtrophenyl-/} -D-galactopyranose and quantitating O-nitrophenol. which was released on hydrolysis col- 

substance (d,ssolved ,n 100 mM acetate buffer at pH 5.0) and 0.5 ml of a 20 mM substrate solution was 
previously warmed at 37' C for 5 hours and. then, dissolved in 10 mM acetate buffer at pH 5 0 Then 0 5 
rnl of a solution of* -gaiactosidase was added and the reaction was conducted at 37 "C for 15 minutes 

25 2 , 2° r.° e W 31 420 " m the " meaSUred The absorba "ce (B) of a reaction mixture not containing 
the test substance was also measured and using the equation of % inhibition = (B - A)/B x 100 the 
concentrat.cn of the test substance causing 50% inhibition of 0 -gaiactosidase activity (ICso) was deter- 
mined. The results of two experiments (Test Example 1 and Test Example 2) are shown in Table 1. The B - 
Knh f n f er t IVe i ,r0m Aspergillus sp. was used. It is clear that the compound of the present invention 

3Q has high B -gaiactosidase inhibitory activity. 



Table 1 



0 -Gaiactosidase inhibitory activity 


Test Example 1 


Test Example 2 


Example No. 


ICso 


Example No. 


ICso 




(ng/ml) 




(ng/ml) 


1 


15 


11 


59 


2 


82 


12 


166 


3 


44 


13 


113 


4 


40 


14 


391 


5 


32 


15 


393 


6 


23 


16 


21 


7 


88 


17 


49 


8 


180 


18 


340 


9 


187 


20 


37 


10 


175 


21 


49 


Control (1-deoxygalactostatin hydrochloride) 


451 


22 


359 






23 


154 






24 


351 






Control (1-deoxygalactostatin hydrochloride) 


440 
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Claims 



1. A 3,4,5-trihydroxypiperidine derivative of the following genera! formula [I] or a pharmaceutical^ 
acceptable salt thereof. 



CH,0H 
0 J- NR 

OH 



wherein R represents a straight-chain, branched or cyclic CM 8 saturated or unsaturated hydrocarbon 
group which may optionally be substituted. 
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